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A PROCESS FOR THE RESOLUTION OF SCLAREOLIDE 
Technical field 

The present invention relates to the field of organic synthesis and more 
particularly to a new process to obtain (+)-(8R)-8 ? 12-epoxy-13,14,15,16-tetranorlabdan- 
12-one, of formula 




also known as (+)-sclareolide, starting from the racemic (±)-8,12-epoxy-l 3,14,15, 16- 
tetranorlabdan-12-one, also known as sclareolide. 

Said process is characterized by an enantiomeric or optical resolution using, as 
resolving agent, an enantiomer of the 2-(methylamino)-l -phenyl- 1-propanol, also known 
as pseudoephedrine. 

Prior art 

Despite the fact that (+)-sclareolide is an important intermediate for the synthesis 
of (-)-Ambrox®, which is an important perfumery ingredient, only few processes for the 
preparation of the compound of formula (I) have been reported in the prior art. 

In EP 550 889 is reported a process for the optical resolution of sclareolide 
wherein an l-(aryl)ethylamine is used as resolving agent For the same process, Koga et 
al in Tetrahedron Asymmetry, (1998), 9, 3819, report the use as resolving agent of some 
1,2- or 1,3-amino-alcohols in addition to the previously cited l-(aryl)ethylamine. 

All the prior art procedures suffer from the disadvantages of needing complex 
procedures implying slow or complicated crystallization procedures and/or a re- 
crystallization. Additionally, low yields of the final product are frequently, if not always, 
observed. 
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Therefore, there is a need for a process capable of providing (+)-sclareolide from 
sclareolide and being of improved efficiency. 

Description of the invention 

In order to overcome the disadvantages of the prior art processes mentioned 
hereinabove, the present invention relates to a new highly efficient process for the 
isolation of (+)-sclareolide from sclareolide, characterized in that said process comprises 
the following reaction steps: 

a) the hydrolysis of sclareolide into a corresponding hydroxy derivative, 

b) treating, in a solvent, the hydroxy derivative with a pseudoephedrine enantiomer in 
order to obtain a biphasic system, wherein each phase comprises a majority of one 
enantiomer of the hydroxy derivative, and 

c) treating the phase comprising a majority of the hydroxy derivative (8R)-8~hydroxy- 
13J4,15,16-tetranorlabdan-12-oic acid in order to convert the latter into 
(+)-sclareolide. 

Another object of the present invention concerns also the use of a pseudoephedrine 
enantiomer for the optical resolution of sclareolide. 

In the first step the sclareolide is hydrolyzed into a hydroxy derivative which is 
susceptible of being optically resolved. As hydroxy derivative it is meant the hydroxy- 
acid, namely (±)-8-hydroxy-13,14,15,16-tetranorlabdan-12-oic acid, or an alkaline salt 
thereof, such as the Na + , K + or Li + salt, preferably the Na + salt. 

The hydrolysis may be performed according to any current method described in 
the prior art, e.g. as described by Koga et al in Tetrahedron Asymmetry, (1998), 9, 3819 
or by Goro et al in EP 550 889. In general, the hydrolysis is performed by treating the 
sclareolide with an alkaline base, such as NaOH, KOH or LiOH, in an alcoholic solvent, 
such as methanol or ethanol, to obtain the corresponding alkaline salt of (±)-8-hydroxy- 
13,14,15,16-tetranorlabdan-12-oic acid. If desired, said alkaline salt may be transformed 
into the corresponding hydroxy-acid by treating the former with an acid, preferably a 
strong inorganic acid such as HC1, H 2 S0 4 , HNaS0 4 , HKS0 4 ,HN0 3 , H 3 P0 4 , HPF 6 , HBF 4 , 
para-toluenesulphonic acid (TsOH), benzenesulphonic acid, methanesulphonic acid or the 
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similar. The acid can be added in amounts comprised between 0.95 and 1.05 equivalent of 
protons per carboxylate function. 

The second step of the invention process is the one allowing the separation of the 
two enantiomers of sclareolide. The principle of the present optical resolution is based on 
the solubility difference of the diastereomeric salts obtained by the reaction between the 
pseudoephedrine enantiomer and the two enantiomers of the hydroxy derivative obtained 
in step a). It is therefore possible to obtain a biphasic system wherein each phase 
comprises a majority of one enantiomer of the hydroxy derivative. Preferably the biphasic 
system consists in a solid phase, or precipitate, and a liquid phase, or liquor. 

By "a majority of one enantiomer" we mean here at least 60%, preferably at least 
75%, of an enantiomer of the hydroxy derivative; more preferably each phase will 
comprise at least 95%, or even 97.5%, of an enantiomer of the hydroxy derivative 

The optical resolution is carried out in a solvent which is able to solubilize a 
majority of one of diastereomeric salt only, thus allowing the formation of the biphasic 
system. Examples of such solvents are aromatic solvents, petroleum fractions, 
halogenated solvents, ethers, esters, C 4 -C 10 alcohols or mixtures thereof. Said solvents 
may be anhydrous or contain water up to saturation. Preferably, the solvent is selected 
from the group consisting of anhydrous tetrahydroforan, toluene, xylene, benzene or 
cyclohexane. 

As previously mentioned, as resolving agent is used a pseudoephedrine 
enantiomer, the latter may be the (1S,2S) or the (lR,2R)-2-(methylamino)-l -phenyl- 1- 
propanol. The enantiomeric purity, or enantiomeric excess (e.e.), of the pseudoephedrine 
enantiomer used will influence the efficiency of the invention process, the higher will be 
the e.e. the most efficient will be the optical resolution of sclareolide. Preferably the 
pseudoephedrine enantiomer will have an e.e. higher than 95 %, more preferably higher 
than 98%. 

The pseudoephedrine enantiomer can be used in the form of a free base or an acid 
salt, depending on the nature of the hydroxy derivative. If the latter is the hydroxy acid, 
the pseudoephedrine enantiomer is used as a free base. Alternatively if the hydroxy 
derivative is an alkaline salt then the pseudoephedrine enantiomer is used as an acid salt. 
The acid salt of the pseudoephedrine enantiomer may be added to the solvent as a 
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preformed salt or may be generated in situ by the addition of the free base and then an 
acid, in a quantity of about one equivalent of protons per free base. Suitable acids are 
HC1, H 2 S0 4 , HNaS0 4 , HKS0 4 ,HN0 3 , H 3 P0 4 , HPF 6 , HBF 4 , para-toluenesulphonic acid 
(TsOH), benzenesulphonic acid, methanesulphonic acid or the similar. 

The pseudoephedrine enantiomer may be added in amounts comprised between 
0.35 and 1.2 molar equivalent with respect to the product obtained in step a), preferably 
between 0.5 and 1.0 equivalents, even more preferably between 0.6 and 0.8 equivalents. 

It has been found that when the (lR,2R)-pseudoephedrine is used then the 
precipitate comprises a majority of (8R)-8-hydroxy-13,14,15,16-tetranorlabdan-12-oic 
acid, and the liquor comprises a majority of the other enantiomer of the hydroxy 
derivative. Vice versa when the (lS,2S)-pseudoephedrine is used, the liquor comprises a 
majority of (8R)-8-hydroxy-13,14,15,16-tetranorlabdan-12-oic acid, and the precipitate 
comprise a majority of the other enantiomer of the hydroxy derivative. 

For practical reasons, the use of (lR,2R)-pseudoephedrine in the invention process 
is more preferred. 

The last step of the invention process allows to convert the (8R)-8-hydroxy- 
13,14,15,16-tetranorlabdan-12-oic acid into (+)-sclareolide. This step may be performed 
according to any standard method for the generation of a lactone from a hydroxy-acid or 
salt thereof. In general, the conversion into the (-f)-sclareolide is performed by treating the 
phase comprising a majority of (8R)-8-hydroxy-13,14,15,16-tetranorlabdan-12-oic acid, 
obtained in step b), with a strong mineral acid, such as HC1, H 2 S0 4 , HNaS0 4 , 
HKS0 4 ,HN0 3 , H 3 P0 4 , HPF 6 , HBF 4 , para-toluenesulphonic acid (TsOH), 
benzenesulphonic acid, methanesulphonic acid or the similar, to recover the free (8R)-8- 
hydroxy-13,14,15,16-tetranorlabdan-12-oic acid. Subsequently, the latter is treated with a 
catalytic acid, preferably acetic or propionic acid. The strong mineral acid is used in 
amounts comprised between 0.95 and 1.05 equivalent of proton in respect to the hydroxy 
acid, and the catalytic acid preferably in amounts comprised between 1% and 15%, 
preferably between 3% and 10%, molar equivalent in respect of the hydroxy acid. 

This reaction step is carried out in the presence of a solvent. Non-limiting 
examples of such a solvent include aromatic solvents such as benzene, toluene or xylene, 
hydrocarbon solvents such as cyclohexane, ethers or mixtures thereof. However aromatic 
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solvents are preferred. During the formation of the (+)-sclareolide it may be useful to 

remove the water which is formed, e.g. by azeotropic distillation. 

The temperature at which the conversion of the free (8R)-8-hydroxy-13,14,15,16- 

tetranorlabdan-12-oic acid into (+)-sclareolide may be carried out is comprised between 

60°C and 150°C, preferably between 95°C and 125°C. 

A process according to the invention allows to isolate (+)-sclareolide from the 

racemic sclareolide in high yields, high e.e. and, in general, without any re-crystallization 

or complex procedure, to the contrary of what is described in the prior art. Typical yields 

of the invention process are in the range of 80%, based on the amount of (+)-sclareolide 
present in the starting racemic sclareolide, or even, e.g., more than 90%. Typical e.e. of 
(+)-sclareolide obtained at the end of the invention process are higher than 50%, but 
preferably higher than 90% or even 95%. Such results are quite unexpected in view of the 
above-cited prior art. 

The invention will now be described in further details by way of the following 
examples, wherein the abbreviations have the usual meaning in the art, the temperatures 
are indicated in degrees centigrade (°C) ; ! H-NMR spectral data were recorded at 
400MHz and 13 C NMR spectra were recorded at 100 MHz in DMSO, the chemical 
displacements 5 are indicated in ppm with respect to the TMS as standard, the coupling 
constants J are expressed in Hz and all the abbreviations have the usual meaning in the 
art. 

Example 1 

Preparation of (lR,2R)-l-hydroxy-N-methyl-l-phenyl-2-propanaminium (8R)-8-hydroxy- 
13,14,15,1 6-tetranorlabdan- 1 2-oate 

In a 2 liter, three-necked, round-bottomed flask equipped with a reflux condenser, a 
mechanical stirrer and containing 1.0 1 of tetrahydrofuran (THF) were introduced 268.4 g 
(1.00 mole) of (±)-8-hydroxy- 13, 14, 15,1 6-tetranorlabdan- 12-oic acid (obtained according 
to EP 550889) and 119.8 g (0.725 mole) of (1R, 2R)-pseudoephedrine. The resulting 
suspension was heated to reflux for 1 hour and the temperature was then gradually 
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lowered to room temperature over 2 h 30 min. The suspension was filtered and the 

precipitate washed twice with 250 ml of THF. The resulting solid was dried under 

vacuum to give 199.1 g (0.459 mole, yield = 92%) of the title salt. 

'H-NMR:7.3 5-7.23 (m, 5H, Ph-H); 4.28 (d, 1H, J = 7.6 Hz, CH(OH)); 2.69 (dq, J = 7.6 
and 6.6 Hz, 1H, CH(NH 2 (CH 3 ))); 2.36 (s, 3H, NH 2 CH 3 ); 2.33 (dd, J = 16, 4.2 
Hz, 1H, CHCOO); 2.02 (dd, J = 16, 6.3 Hz, 1 H, CHCOO); 1.75 (dd, J = 6.3 
4.2 Hz, 1H, CH(CH2)COO); 1.72-1.03 (m, 10H, 5CH 2 ); 0.96 (s, 3H, 
CH 3 CH(OH)); 0.91 (m, 1H, CHC(CH 3 ) 2 ); 0.84 (s, 3H, C(CH 3 ) 2 ); 0.76 (s, 3H, 
C(CH 3 ) 2 ); 0.75 (d, J = 6.6 Hz, 3H, CH 3 CHNH 2 (CH 3 )); 0.73 (s, 3H, CCH 3 ). 

,3 C-NMR: 176.6 (s); 143.1 (s); 127.8 (d); 127.1 (d); 127.0 (d); 75.6 (d); 70.9 (s); 60.2 (d); 
56.3 (d); 55.5 (d); 43.7 (t); 41.4 (t); 38.57 (s); 37.9 (t); 33.2 (q); 32.8 (s); 32.5 
(q); 30.5 (t); 24.0 (q); 21.3 (q); 19.9 (t); 17.9 (t); 14.9 (q); 14.4 (q). 

Example 2 

Conversion of ( 1 R,2R)- 1 -hydroxy-N-methyl- 1 -phenyl-2-propanaminium (8R)-8-hydroxy- 
13,14,15,1 6-tetranorlabdan- 1 2-oate into (H-)-sclareolide 

To a suspension of 199.1 g of (1R,2R)-1 -hydroxy-N-methyl- l-phenyl-2-propanaminium 
(8R)-8-hydroxy-13, 14,15, 1 6-tetranorlabdan- 1 2-oate in 550 g of toluene were added 
dropwise, at T = 20-5°C and over 30 minutes, 230 g of 10% aqueous sulphuric acid. The 
reaction mixture was heated to 50°C and, after the removal of the aqueous phase, the 
organic layer was washed twice with 50 ml of water. 

To the toluene phase, containing the free (8R)-8-hydroxy-13, 14,15, 1 6-tetranorlabdan- 12- 
oic acid, were added 6.9 g of acetic acid and the reaction mixture was heated at reflux for 
2.75 hours, using a Dean-Stark trap to remove water azeotropically. At the end of the 
reflux period, the reaction mixture was cooled to approximately 50°C, washed with 
100 ml of water and then with 100 ml of 3% aqueous NaHC0 3 . It was thus obtained an 
organic phase which, after evaporation of the solvent, provided 113.6 g (91% yield) of 
(+)-sclareolide having a purity > 98% and an e.e. = 99%, purity and e.e. being obtained by 
chiral GC. 
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Claims 

1. A process for the isolation of (+)-sclareolide from sclareolide, 
characterized in that said process comprises the following reaction steps: 

a) the hydrolysis of sclareolide into a corresponding hydroxy derivative, 

b) treating, in a solvent, the hydroxy derivative with a pseudoephedrine enantiomer in 
order to obtain a biphasic system, wherein each phase comprises a majority of one 
enantiomer of the hydroxy derivative, and 

c) treating the phase comprising a majority of the hydroxy derivative (8R)-8-hydroxy- 
13,14,15,16-tetranorlabdan-12-oic acid in order to convert the latter into 
(-f-)-sclareolide. 

2. A process according to claim 1, wherein the solvent is an aromatic solvent, 
a petroleum fraction, a halogenated solvent, an ethers, an ester C 4 -C 10 alcohols or mixtures 
thereof. 

3. A process according to claim 2, wherein the solvent is selected from the 
group consisting of anhydrous tetrahydrofuran, toluene, xylene, benzene or cyclohexane. 

4. A process according to claim 1 , wherein the pseudoephedrine enantiomer is 
the ( 1 R,2R)-2-(methylamino)- 1 -phenyl- 1 -propanol. 

5. A process according to claim 4, wherein the pseudoephedrine enantiomer 
has an enantiomeric excess higher than 95%. 

6. Use of a pseudoephedrine enantiomer for the optical resolution of 
sclareolide. 
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Abstract 

The present invention relates to the field of organic synthesis and more 
particularly to a new process to obtain (+)-sclareolide, starting from the racemic 
sclareolide. Said process is characterized by an enantiomeric or optical resolution using, 
as resolving agent, an enantiomer of the 2-(methylamino)- 1 -phenyl- 1 -propanol, also 
known as pseudoephedrine. 



